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ABSTRACT

Background and Objectives: Previous reports assessing the reproducibility of endoscopic ultrasound elastography
(EUS-E) in evaluation of solid pancreatic lesions (SPL) involved only experienced endosonographers. We aimed to assess
the interobserver agreement (IOA) of EUS-E in the evaluation of SPL by endoscopists with different levels of experience in
EUS and EUS-E. Materials and Methods: A cross-sectional observational multicenter study was designed and included 11
endoscopists who were divided into four groups: Group A (long experience in EUS and EUS-E); Group B (short experience
in EUS and EUS-E); Group C (long experience in EUS and no experience in EUS-E); and Group D (no experience in EUS
or EUS-E). The observers independently classified the patterns of 60 video sequences of EUS-E, after a 20-min training
session. For each group, we calculated IOA (kappa statistic, k) of EUS-E and the diagnostic accuracy of EUS-E for pancreatic
malignancy, by comparing the pattern of EUS-E indicative of malignancy (heterogeneous or homogenous blue) with the final
diagnosis. Results: The overall [OA was moderate (K = 0.42; 95% confidence interval (CI) 0.33-0.52). The IOA of Group
A (x = 0.80; 95% CI 0.65-1.00) was significantly higher than that of Groups B (k = 0.54; 95%CI 0.40-0.71), C (x = 0.54;
95%CI 0.39-0.68), and D (k = 0.28; 95%CI 0.14-0.40). IOA of Groups B and C was not significantly different, but it was
significantly higher than that of Group D. The diagnostic accuracy of Group A (area under the curve under summary receiver
operating characteristic (AUROC) = 0.83; 95%CI 0.75-0.90) was not significantly different from that of Group B (AUROC
=0.77; 95%CI 0.71-0.83), but it was significantly higher than that of Groups C (AUROC = 0.74; 95%CI 0.67-0.81) and D
(AUROC =0.74; 95%CI 0.67-0.81). No significant difference was seen between Groups B, C, and D for diagnostic accuracy.
Conclusion: EUS-E is reproducible in the evaluation of SPL, even between endoscopists with no or limited experience in
EUS and/or EUS-E. Reproducibility and diagnostic accuracy increase with experience in EUS and EUS-E.
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Endoscopic ultrasonography (EUS) provides
high-resolution images of the pancreas and it is
considered one of the most accurate methods for the
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diagnosis and staging of chronic inflammatory, cystic,
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and neoplastic pancreatic diseases."” The differential
diagnosis of solid pancreatic masses; however, remains
a challenge.P! EUS can guide fine-needle aspiration
(EUS-FNA) for obtaining cytological samples of
pancreatic lesions, thus making a pathologic diagnosis
possible.l*”! EUS-FNA, however, may be technically
demanding and multiple puncturing of pancreatic
lesions may be needed to obtain adequate material for
cytological or microhistological evaluation. Furthermore,
EUS-FNA of the pancreas is associated with a small,
but not insignificant, morbidity.*”! In addition, sensitivity
of cytology for malignancy is limited, and false-negative
results are obtained in up to 20-40% of the cases.* In
an attempt to overcome these limitations of EUS-FNA,
techniques of image enhancement are currently under
active technical development. Endoscopic ultrasound
elastography (EUS-E) is one of the most promising
techniques in this context.!'"!

Elastography is a method for the real-time evaluation
of tissue stiffness, which has been used for the analysis
of superficial organ lesions, such as those of the breast
and prostate."*'" Pressure is applied to the lesion duting
the exploration, and resulting differences in distortion
between hard and soft tissues are used for the real-time
analysis of their stiffness.'” Several recent studies have
shown EUS-E as a promising technique with a high
accuracy for the differential diagnosis of solid pancreatic
lesions (SPLs).'*"1 Actually, features of the elastographic
pattern in terms of homogeneity or heterogeneity, and
predominant color, closely correlate with the histological
features of the lesion.' In a recent meta-analysis; the
pooled sensitivity, specificity, and diagnostic odds ratio
of EUS-E distinguishing benign from malignant solid
pancreatic masses were 0.95 (95% confidence interval
(CI) 0.94-0.97), 0.67 (95% CI 0.61-0.73), and 42.28 (95%
CI 26.90-66.46), respectively.!'

Although EUS-E seems to be promising for evaluation
of SPL, it is not clear whether the interpretation
of EUS-E is reproducible among different
endosonographers. Previous reports assessing the
reproducibility of EUS-E for evaluation of SPL
involved only experienced endosonographers. The
main aim of this study was to assess the interobserver
agreement (IOA) of EUS-E in the evaluation of SPL
by endoscopists with different levels of experience in
EUS and EUS-E. We additionally evaluated the accuracy
of EUS-E for the diagnosis of pancreatic malignancy
by endoscopists with different levels of experience in
EUS and EUS-E.
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MATERIALS AND METHODS

Design of the study and selection of patients

This was a cross-sectional observational study with
two aims. The primary aim was to assess the IOA of
EUS-E in the evaluation of SPL by endoscopists with
different levels of experience in EUS and EUS-E. The
secondary aim was to assess the diagnostic accuracy of
EUS-E for the diagnosis of pancreatic malignancy by
endoscopists with different levels of experience in EUS
and EUS-E.

A total of 60 patients with SPLs who underwent
routine EUS at the Department of Gastroenterology,
University Hospital of Santiago de Compostela (Spain)
during 2011 were consecutively included in this
study after giving informed consent for EUS. A final
diagnosis of malignant or benign tumor was defined
according to the following reference methods:

1. Histological findings of surgical specimens in patients
undergoing surgery;

2. Cytological findings definitely positive for malignancy
together with compatible EUS and computed
tomography (CT) findings for final diagnosis of
malignant disease, in patients with unresectable tumors,
and

3. EUSand CT findings at entry, and a minimum follow-up
period of 6 months including EUS-FNA and CT, for a
final diagnosis of benign disease in patients with benign
cytological findings.

All of the material provided for the study was
anonymous, and in no instance was a patients’
identity revealed. The study was approved by the local
institutional review board and conducted in accordance
with the Declaration of Helsinki and its amendments,
and Good Clinical Practice guidelines.

Technique of EUS and selection of videos

In each of the 60 patients, the SPL was evaluated
with standard EUS imaging and EUS-E. EUS was
performed with a linear EUS probe (EG3830UTK;
Pentax Europe GmbH, Hamburg, Germany) attached
to a platform Preirus (Hitachi Medical Systems GmbH,
Wiesbaden, Germany), which includes the elastography
module. All procedures were done by two experienced
endosonographers. The complete description of the
technique of EUS-E has been reported elsewhere.!"!
For each patient, one video sequence was recorded for
30 s [Figure 1]. Each video sequence also included a
B-mode standard EUS image of the lesion of interest.
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Figure 1. Screen capture of video sequence of EUS (left panel). The
video sequence also included a B-mode standard EUS image of the
lesion of interest (right panel). EUS: Endoscopic ultrasonography

Each video sequence was labeled with a random number
by an endosonographer who had not participated in
the EUS procedure and was blinded to the clinical
history and the pathological diagnosis. The observers
were provided with a pen drive containing the 60 video
sequences and were allowed unlimited time to review the
videos. On the other hand, the observers were blinded
to the clinical history and the pathologic diagnosis
and to each others evaluation. No prior selection was
made based in the quality of recorded images to avoid
inducing any bias in the IOA evaluation.

Selection of observers and evaluation of videos

A total of 11 endoscopists from six European EUS

centers participated in this study. They were divided

into four groups according to their experience in EUS
and EUS-E:

e Group A included two endosonographers with long
experience in EUS (>1,000 procedures) and EUS-E
(>200 procedures);

* Group B included three endosonographers with a
3-months’ experience in EUS (>100 procedures) and
EUS-E (>20 procedures);

e Group C included three endosonographers with
long experience in EUS (>1,000 procedures), but no
experience in EUS-E;

e Group D included three endoscopists with no
experience in EUS or EUS-E.

A kick off session of 20 min was undertaken to share
the principles of the techniques and to make everybody
acquainted with the parameters of EUS-E under evaluation.

Observers were asked to classify the elastographic
pattern of the lesion of interest into four types

D

according to the predominant color and the
homogeneity or heterogeneity of color distribution
(homogeneous green = 1, heterogeneous green = 2,
heterogeneous blue = 3, homogeneous blue = 4).I'7

We also calculated the diagnostic accuracy for pancreatic
malignancy, by comparing the patterns of EUS-E
indicative of pancreatic malignancy with the final
diagnosis as previously described. We considered
heterogeneous or homogeneous blue patterns in EUS-E
as indicative of pancreatic malignancy.

Statistical analysis

The Fleiss kappa (K) statistic was used to evaluate
the IOA among observers. An individual K for each
group of observers, as well as an overall K, was
determined for EUS-E. The K-values were interpreted
according to the guidelines proposed by Landis and
Koch." The K statistics allocates a score of zero if
the agreement is no better than would be expected by
chance, whereas perfect agreement is indicated by a
kappa value of 1. Scores can also be negative if there
is consistent disagreement. In detail, K-values from
0.00 to 0.19 represent slight agreement, 0.20 to 0.39
fair agreement, 0.40 to 0.59 moderate agreement, 0.60
to 0.79 substantial agreement, and more than 0.80 is
considered almost perfect agreement. The K-values
were considered statistically significant when 95% CI
of K-values was superior to 0. Bootstrap resampling
was used to calculate the 95 % CI of K-values.
Statistical comparison of K-values between groups
was done using K analysis extension for ArcView 3.2.
We also evaluated the sensitivity, specificity, positive
predictive value, negative predictive value, and area
under the curve under summary receiver operating
characteristic (AUROC) of each group and modality
for the final diagnosis of pancreatic malignancy by
using the heterogeneous or homogeneous blue pattern
in EUS-E as indicative of the presence of pancreatic

malignancy."**

With the exception of comparison of K-values (see
above), all statistical analyses were performed using the

software Statistical Package for Social Sciences (SPSS)
18.0 (IBM SPSS Statistics, Chicago, Illinois, USA).

RESULTS
Patients’ characteristics

A total of 60 patients (17 females and 43 males with a
mean age of 64 £ 15 years) were included in the study
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[Table 1]. The mean size of pancreatic masses was
36.5 = 15.9 mm. The lesions were located mostly in the
pancreatic head. The diagnosis was based on EUS-FNA
in 43 patients, on endoscopic ultrasonography-fine needle
biopsy (EUS-FNB) in 14 patients, on surgery in one
patient, and on follow-up in two patients. As determined
according to the reference methods, the final diagnoses
were as follows: Pancreatic adenocarcinoma (45 patients);
inflammatory mass in the context of chronic pancreatitis
(10 patients); pancreatic neuroendocrine tumor (three
patients); autoimmune pancreatitis (one patient); and
colon cancer metastasis (one patient).

104
The IOA evaluation data are presented in Table 2.
The overall IOA for EUS-E was moderate. Group A

Table 1. Characteristics of patients and pancreatic
lesions included in an analysis of interobserver
agreement of endoscopic ultrasound elastography
in the evaluation of solid pancreatic lesions

Characteristics N
Age of patients, mean + SD (years) 64 +15
Gender of patients (females:Males) 17:43
Lesion size, mean + SD, mm 36.5+15.9
Location of lesions in pancreas 43/15/2
(head/body/tail)
Final diagnosis
Pancreatic adenocarcinoma 45
Inflammatory mass in the context 10
of chronic pancreatitis
Pancreatic neuroendocrine tumor 3
Autoimmune pancreatitis 1
Metastatic colon cancer metastasis 1

SD: Standard deviation

had the highest IOA followed by Groups B, C, and
D. IOA of Group A was significantly higher than that
of Groups B, C, and D. IOA of Groups B and C was
not significantly different, but it was significantly higher
than that of group D.

Diagnostic accuracy for pancreatic malignancy

The diagnostic accuracy data for pancreatic malignancy
are presented in Table 3. Group A had the highest
accuracy for diagnosis of pancreatic malignancy
followed by Groups B, C, and D. Diagnostic accuracy
of Group A was not significantly different from that of
Group B, but it was significantly higher than that of
Groups C and D. No significant difference was seen
between Groups B, C, and D, in terms of diagnostic
accuracy.

DISCUSSION

This is the first study evaluating the IOA of EUS-E in
the evaluation of SPLs by endoscopists with different
levels of experience in EUS and EUS-E. Our data
suggest that EUS-E is reproducible in the evaluation of
SPL even between endoscopists with no/low experience
in EUS and/otr EUS-E. Our data also suggest that
experience in both EUS and EUS-E influences the
IOA. This is based on the observation that the IOA
for EUS-E of group A (observers with long experience
in EUS and EUS-E) was significantly higher than
that of all the other groups. The fact that Groups B
(observers with short experience in EUS and EUS-E)
and C (observers with long experience in EUS but

Table 2. Results of interobserver agreement for each group of endosonographers

Group (number of observers)

K (95% Cl) Interpretation of agreement

A (2 observers with long experience in EUS and EUS-E)
B (3 observers with short experience in EUS and EUS-E)

C (3 observers with long experience in EUS and no experience in EUS-E)

D (3 observers with no experience in EUS or EUS-E)
Overall (11 observers)

0.80 (0.65-1.00)
0.54 (0.40-0.71)*1 Moderate
0.54 (0.39-0.68)* T Moderate
0.28 (0.14-0.40)* Fair

0.42 (0.33-0.52) Moderate

Almost perfect

k: kappa value, 95%Cl = 95% confidence interval, EUS: Endoscopic ultrasonography; EUS-E: Endoscopic ultrasonography elastography; Data are shown as

K (95 %Cl).*P < 0.05 vs. group A, P < 0.05 vs. group D

Table 3. Diagnostic accuracy of each group of endosonographers for pancreatic malignancy

Group A

Group B

Group C

Group D

Overall

Sensitivity (95% CI)
Specificity (95% Cl)

PPV (95% Cl)
NPV (95% Cl)
AUROC (95% Cl)

92.9 (85.8-97.1
72.7 (49.8-89.2
93.8 (87.0-97.7
69.6 (47.1-86.7
0.83 (0.75-0.90)

~ ~— — —

78.9 (71.4-85.2)
75.8 (57.7-88.9)
93.5 (87.7-97.2)
44.6 (31.3-58.5)
0.77 (0.71-0.83)

70.1 (62.0-77.3)
78.8 (61.1-91.0)
93.6 (87.3-97.4)
37.1 (25.9-49.5)
0.74 (0.67-0.81)*

78.9 (71.4-85.2
69.7 (51.3-84.4
92.1 (85.9-96.1
42.6 (29.2-56.8
0.74 (0.67-0.81)*

)
)
)
)

79.0 (75.4-82.4)
74.4 (65.6-81.9)
93.2 (90.5-95.3)
44.3 (37.4-51.5)
0.77 (0.73-0.80)

95% Cl = 95% confidence interval, PPV: Positive predictive value; NPV: Negative predictive value; AUROC: Area under the curve under summary receiver operating
characteristic; Results of evaluation of 45 pancreatic adenocarcinoma and 15 nonpancreatic adenocarcinoma lesions (inflammatory mass in the context of chronic
pancreatitis, n = 10; neuroendocrine tumor, n = 3; autoimmune pancreatitis, n = 1; metastasis, n = 1) were included for analysis. Pancreatic malignancy was
defined by the presence of heterogeneous or homogeneous blue pattern in endoscopic ultrasound elastography (EUS-E).*P < 0.05 vs. Group A

I ENDOSCOPIC ULTRASOUND / JUL-SEP 2015 / VOL 4 | ISSUE 3 @



Soares, et al.: I0A of EUS-E for SPL

no experience in EUS-E) had similar IOA for EUS-E
suggests that long experience in EUS may influence
the IOA of EUS-E and compensate for the lack of
experience in EUS-E.

IOA for evaluation of SPL by EUS-E has been
reported by some studies, but none has compared
endosonographers with different levels of experience
in EUS and EUS-E. Iglesias-Garcia ef al., evaluated
the IOA of EUS-E in 130 SPL by two EUS- and
EUS-E-experienced endosonographers, obtaining a
K-value for elastographic patterns of 0.77 (95% CI
0.65-0.89).'" Giovannini ¢# a/., evaluated the TOA of
EUS-E in 15 SPL by five EUS- and EUS-E-experienced
endosonographers, reporting a K-value for elastographic
patterns of 0.524.°Y Saftoiu ez al., evaluated the IOA
of EUS-E in 258 SPL by five EUS- and EUS-E-
experienced endosonographers, reaching a K-value for
elastographic patterns of 0.72.1” Taken together, these
studies report a K-value for EUS-E in the evaluation of
SPL by experienced endosonographers that ranges from
0.52 to 0.77. In our study, the kappa was slightly higher
(0.80) than previously reported.

This is also the first study comparing the diagnostic
accuracy of EUS-E for pancreatic malignancy by
endoscopists with different levels of experience in EUS
and EUS-E. The results of the diagnostic accuracy
evaluation were very similar to those of IOA evaluation.
As for IOA, our data also suggest that experience in
both EUS and EUS-E influences the diagnostic accuracy.
This is based on the observation that diagnostic accuracy
of EUS-E in Group A was significantly higher than
in Groups C and D (observers with no experience in
EUS or EUS-E). The similar diagnostic accuracy of
EUS-E between Groups A and B suggests that short
experience in EUS-E is sufficient to reach the diagnostic
accuracy of experts. On the other hand, the similar
diagnostic accuracy of EUS-E between Groups B and C
suggests that long experience in EUS may influence the
diagnostic accuracy of EUS-E and compensate for the
lack of experience in EUS-E.

A limitation of EUS-E is that the qualitative
image analysis performed is amenable to subjective
interpretation of findings. Thus, methods for
quantitative assessment of EUS-E have been recently
developed, such as the hue histogram and the strain
ratio."™ Although these methods have already proved
to be helpful, there are still some limitations. All are
based on computed automated analysis of regions of

D

interest that are selected subjectively; thus, allowing the
generation of selection bias. Moreover they have not

yet been proved to be superior to qualitative analysis.!"

This study has some weaknesses. First, the small sample
size, the low number of observers per group, and the
low rate of nonneoplastic lesions (although similar to
that of clinical practice) could influence our data. In fact,
a major limitation of the study is the smaller number of
observers in Group A (two observers) compared with
other groups (three observers per group). This was the
result of the low number of available experts on EUS-E
and may have led to overestimation of IOA of Group A,
compromising the comparison between this group and
the other groups. Even so, this does compromise neither
the overall data for IOA of EUS-E, nor the comparison
between the other three groups, and thus does not
influence the major conclusions of the study. Second,
the procedures were done by the same experts who later
evaluated the lesions (Group A). To reduce this bias,
each video sequence was labeled with a random number
and the experts blindly evaluated the lesions. Third, each
video sequence also included a B-mode standard EUS
image. Although this is similar to the clinical practice of
EUS-E, evaluation of B-mode standard EUS image could
influence evaluation of EUS-E images; thus, possibly
contributing to overestimation of IOA and diagnostic
accuracy of observers with long experience in EUS
(Groups A and C). It has been shown that B-mode
standard EUS may show changes strongly consistent
with malignant tumor in 30% of solid pancreatic lesions
(SPL).I"! Finally, as we did not assess the intraobserver
agreement of EUS-E, we cannot make any conclusions
about intraobserver reproducibility of EUS-E.

In conclusion, we present the first multicenter study
comparing the IOA and diagnostic accuracy of EUS-E
in the evaluation of SPL by endoscopists with different
levels of experience in EUS and EUS-E. Our data
suggest that EUS-E is reproducible, even in groups
with no or limited experience in these techniques. This
study also hints that long experience in both EUS and
EUS-E is a major contributor to the IOA and diagnostic
accuracy of EUS-E. Nonetheless, these data should be
submitted to external validation in larger studies.

REFERENCES

1. Mertz HR, Sechopoulos P, Delbeke D, et al. EUS, PET, and CT scanning
for evaluation of pancreatic adenocarcinoma. Gastrointest Endosc
2000;52:367-71.

ENDOSCOPIC ULTRASOUND / JUL-SEP 2015 / VOL 4 | ISSUE 3 I



10.

11.

12.

Soares, et al.: I0A of EUS-E for SPL

Soriano A, Castells A, Ayuso C, et al. Preoperative staging and
tumor resectability assessment of pancreatic cancer: Prospective
study comparing endoscopic ultrasonography, helical computed
tomography, magnetic resonance imaging, and angiography. Am |
Gastroenterol 2004;99:492-501.

Varadarajulu S, Tamhane A, Eloubeidi MA. Yield of EUS-guided
FNA of pancreatic masses in the presence or the absence of chronic
pancreatitis. Gastrointest Endosc 2005;62:728-36.

Harewood GC, Wiersema M]. Endosonography-guided fine needle
aspiration biopsy in the evaluation of pancreatic masses. Am |
Gastroenterol 2002;97:1386-91.

Iglesias-Garcia J, Dominguez-Munoz E, Lozano-Leon A, et al. Impact
of endoscopic ultrasound-guided fine needle biopsy for diagnosis of
pancreatic masses. World | Gastroenterol 2007;13:289-93.

Eloubeidi MA, Tamhane A, Varadarajulu S, et al. Frequency of major
complications after EUS-guided FNA of solid pancreatic masses: A
prospective evaluation. Gastrointest Endosc 2006;63:622-9.

ASGE Standards of Practice Committee, Early DS, Acosta RD,
Chandrasekhara V, Chathadi KV, Decker GA, EvansJA, et al. Adverse
events associated with EUS and EUS with FNA. Gastrointest Endosc
2013;77:839-43.

Iglesias Garcia J, Dominguez-Munoz JE. Endoscopic ultrasound-
guided biopsy for the evaluation of pancreatic tumors. Gastroenterol
Hepatol 2007;30:597-601.

DeWitt ], McGreevy K, Sherman S, et al. Utility of a repeated EUS at
a tertiary-referral center. Gastrointest Endosc 2008;67:610-9.

Fusaroli P, Saftoiu A, Mancino MG, et al. Techniques of image
enhancement in EUS (with videos). Gastrointest Endosc 2011;74:
645-55.

Iglesias-Garcia ], Larino-Noia J, Abdulkader I, et al. Quantitative
endoscopic ultrasound elastography: An accurate method for
the differentiation of solid pancreatic masses. Gastroenterology
2010;139:1172-80.

Saftoiu A, Vilmann P, Gorunescu F, et al. European EUS Elastography

ENDOSCOPIC ULTRASOUND / JUL-SEP 2015 / VOL 4 | ISSUE 3

14.

15.

16.

17.

18.

19.

20.

21.

Multicentric Study Group. Accuracy of endoscopic ultrasound
elastography used for differential diagnosis of focal pancreatic masses:
A multicenter study. Endoscopy 2011;43:596-603.

Itoh A, Ueno E, Tohno E, et al. Breast disease: Clinical application of
US elastography for diagnosis. Radiology 2006;239:341-50.

Cochlin DL, Ganatra RH, Griffiths DF. Elastography in the detection
of prostatic cancer. Clin Radiol 2002;57:1014-20.

Krouskop TA, Wheeler TM, Kallel F, et al. Elastic moduli of breast and
prostate tissues under compression. Ultrason Imaging 1998;20:260-74.

Hirche TO, Ignee A, Barreiros AP, et al. Indications and limitations of
endoscopic ultrasound elastography for evaluation of focal pancreatic
lesions. Endoscopy 2008;40:910-7.

Iglesias-Garcia J, Larino-Noia J, Abdulkader I, et al. EUS elastography
for the characterization of solid pancreatic masses. Gastrointest Endosc
2009;70:1101-8.

Mei M, Ni J, Liu D, et al. EUS elastography for diagnosis of solid
pancreatic masses: A meta-analysis. Gastrointest Endosc 2013; 77:
578-89.

Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics 1977;33:159-74.

Gong TT, Hu DM, Zhu Q. Contrast-enhanced EUS for differential
diagnosis of pancreatic mass lesions: A meta-analysis. Gastrointest
Endosc 2012;76:301-9.

Giovannini M, Thomas B, Erwan B, ef al. Endoscopic ultrasound

elastography for evaluation of lymph nodes and pancreatic masses:
A multicenter study. World | Gastroenterol 2009;15:1587-93.

How to cite this article: Soares JB, Iglesias-Garcia J, Gongalves B,
Lindkvist B, Larifio-Noia J, Bastos P, et al. Interobserver agreement of
EUS elastography in the evaluation of solid pancreatic lesions. Endosc
Ultrasound 2015;4:244-9.

Source of Support: Nil. Conflicts of Interest: None declared.




